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Introduction
Organic semiconductors have gained a tremendous amount of attention from researchers in recent years owing to the advantages they possess over their inorganic counterparts. These advantages includeμ high absorption coefficients, non-toxic and recyclable materials and can be manufactured on lightweight, flexible substrates via low-cost solution processing methods. These unique electrical and optical properties make organic semiconductors promising candidates for use in organic photovoltaic cells (OPV), organic light emitting diodes (OLEDs) and organic field effects transistors (OFETs). 1, 2, 3, 4 Bulk heterojunction (BHJ) photovoltaic devices based on conjugated polymers as p-type organic semiconductors, and fullerene derivatives as n-type organic semiconductors, have been intensively studied in recent years. This has resulted in the efficiency of OPV BHJ devices rising from less than 1 % to over 10 %. The high rise in efficiencies can be attributed to the development of conjugated polymers and the improvement in the morphology of the photoactive layer of BHJ solar cells. 5, 6, 7 Previous literature reports have shown that BHJ solar cells fabricated from donor-acceptor (D-A) conjugated polymers yield the best efficiencies. In the D-A approach, an electron-poor acceptor unit is copolymerised with an electron-rich donor unit. A fraction of electronic charge is transferred between the electron-rich and electron-poor units along polymer chains, leading to intramolecular charge transfer (ICT) and a narrow optical band gap; allowing the polymer to absorb large portions of light from the visible spectrum. Efficiencies of 10.8% were achieved when the polymer, PffBT4T-2OD, was blended with the fullerene acceptor TC 71 BM. High efficiencies were still achieved when thick-film (250-300 nm) polymer solar cells were fabricated. Other efficient BT based polymers include BDT-DTBTff synthesised by You and co-workers which achieved an efficiency of 7.2 % when fabricated into BHJ solar cells. 10, 12, 13, 14 Polycyclic aromatic hydrocarbons (PAHs) have found widespread use in OPV and OLED devices. 15 Compared to other PAHs such as naphthalene and anthracene, 16, 17, 18 pyrene-based conjugated polymers have received little attention from researchers. Pyrene is a planar, symmetrical, electron rich unit that possesses an extended -conjugated system. Thus, pyrene molecules may exhibit strong -stacking and a high degree of crystallinity which could promote charge carrier mobility. Furthermore, the electron rich nature of pyrene means that the pyrene-unit can be polymerised with electron-deficient units forming the advantageous D-A arrangement discussed above. The pyrene unit can be polymerised through the 2,7-poitions. 1λ,20 Furthermore, the optical and electronic properties of pyrene units can be altered by functionalising the 4,5,λ,10-positions of pyrene with different substituents. Yang and co-workers synthesised a series pyrene-diketopyrrolopyrrole based copolymer s f o r u s e i n O F E T s . . 21 Hwang et al reported the synthesis of pyrene based alternate copolymers. 22 BHJ solar cells fabricated from these polymers displayed efficiencies up to 5.04%. They synthesised a terpolymer, PBDTDTBT that comprised carbazole, benzothiadiazole and pyrene repeat units. PBDTDTBT was compared to the well-studied polymer, PCDTBT. The researchers found that PBDTDTBT displayed higher charge transport abilities when compared to PCDTBT, a consequence of incorporating pyrene units. Solar cells based on PBDTDTBT displayed efficiencies of 3.34 %, which is higher than that of solar cells fabricated from PCDTBT using similar conditions. Furthermore, the introduction of pyrene resulted in the polymers displaying higher open circuit voltages. 22 Herein, we report the preparation of four D-A polymers comprising pyrene-benzothiadiazole repeat units. Poly(4,5,λ,10-tetrakis((2-hexyldecyl)oxy)-pyrene-2,7-diyl-alt-(4,7-dithiophen-2-yl)-2',1',3'-benzothiadiazole-5,5-diyl] ( P P HD -DTBT), poly(4,5,λ,10-tetrakis((2-hexyldecyl)oxy)pyrene-2,7-diyl-alt-(5,6-difluoro-4,7-di(thiophen-2-yl)-2',1',3'-benzothiadiazole-5,5-diyl] ( P P HD -DTffBT), poly(4,5,λ,10-tetrakis((2-ethylhexyl)oxy)pyrene-2,7-diyl-alt-(4,7-dithiophen-2-yl)-2',1',3'-benzothiadiazole-5,5-diyl] ( P P EH -DTBT) and poly-4,5,λ,10-tetrakis((2-ethylhexyl)oxy)pyrene-2,7-diyl-alt-(5,6-difluoro-4,7-di(thiophen-2-yl)- 
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Results and Discussion
Polymer Synthesisμ The preparation of monomers 2,7-dibromo-4,5,λ,10-tetrakis((2-hexyldecyl)oxy)pyrene (4) and 2,7-dibromo-4,5,λ,10-tetrakis((2-ethylhexyl)oxy)pyrene (5) However, PP HD -DTffBT (20,700 Da) did not display a lower M n relative to its non-fluorinated analogue, PP HD -DTBT (20,500 Da). It is speculated that the large 2-hexyldecyl chains are long enough to break these additional interactions, in solution,
facilitating the formation of a high molecular weight material.
UV-vis absorption spectroscopy:
The optical properties of all polymers were investigated by UV-vis spectroscopy in dilute chloroform solutions ( Figure 1a 
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A very small shoulder appeared at shorter wavelength for all polymers. This was located at 346
and 348 nm in solution and film states, respectively. This phenomenon has been observed in most donor-acceptor conjugated polymers containing DTBT units.
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The UV-vis spectra of PP HD -DTffBT and PP EH -DTffBT both display a small shoulder peak at ~500 nm in solid state.
PP EH -DTBT also displays a shoulder peak in this region, however, it is not as pronounced.
Interestingly, this shoulder peak is completely absent in PP HD -DTBT. Previous work has speculated that the incorporation of fluorine substituents yield additional intermolecular interactions between fluorine substituents with neighbouring aromatic chains. Thus, the polymer adopts a more planar conformation with improved stacking between polymer chains. 24 It is possible that the short 2-ethylhexyl chains in PP EH -DTBT allow a similar -stacking of polymer chains to occur all be it to a much reduced level. In contrast, the large alkyl chains attached to PP HD -DTBT disrupt intermolecular interactions resulting in a higher degree of structural and electronic disorder which is displayed in the broad, ill-resolved absorption bands. which has a band gap of 1.λ2 eV. It is speculated that the additional cyclic aromatic ring in pyrene units for polymers described in this study extends the electron conjugation, yielding more planar polymer backbones which improves -stacking in the solid state.
Thermal Properties: Thermogravimetric analysis (TGA) was used to investigate the thermal properties of the polymers synthesised within this report. All polymers display degradation temperatures (5% weight loss) in excess of 320°C. PP HD -DTBT, PP EH -DTBT, PP HD -DTffBT and PP EH -DTffBT displayed degradation temperatures of 328, 322, 328 and 320°C, respectively.
All initial weight losses can be attributed to the loss of alkyl chains from the pyrene donor-unit.
PP EH -DTBT and PP EH -DTffBT both display second weight loss peaks at 530 and 513 °C, respectively. This second weight loss peak corresponds to degradation of the polymer backbone.
Interestingly, this second weight loss peak is absent in both PP HD -DTBT and PP HD -DTffBT. It is speculated that the larger 2-hexyldecyl chain is significantly less volatile, when combusted, relative to the 2-ethylhexyl chain. Thus, as PP HD -DTBT and PP HD -DTffBT degrade a char layer is formed over the virgin polymer which acts as a thermal insulator owing to its low thermal conductivity. Consequently, the char layer reduces the heat flux reaching the virgin polymer.
Furthermore, as the surface temperature of the char increases there will be a significant increase in re-radiation losses. Both of these processes retard thermal degradation of the polymer. 
Conclusions
Four novel pyrene-benzothiadiazole alternating copolymers were synthesised via Stille coupling. under an inert nitrogen atmosphere.
Powder X-ray diffraction samples were recorded on a Bruker D8 advance diffractometer with a CuK radiation source (1.5418 Å, rated as 1.6 kW). The scanning angle was conducted over the range 2-40 o . UV-visible absorption spectra were recorded using a Hitachi U-2010 Double Bean UV/Visible Spectrophotometer. Polymer solutions were made using chloroform and measured using quartz cuvettes (path length = 1x10 -2 m). Thin films, used for absorption spectra were prepared by drop-casting solutions onto quartz plates using 1 mg cm -3 polymer solutions that were prepared with chloroform. Cyclic voltammograms were recorded using a Princeton Applied
Research Model 263A Potentiostat/Galvanostat. A three electrode system was employed comprising a Pt disc, platinum wire and Ag/Ag 
Fabrication and testing of BHJ polymer solar cells:
The polymers and PC 70 BM were dissolved in chlorobenzene, and were then put on a hot plate held at 70 °C overnight with stirring to allow dissolution. The polymerμfullerene blend ratios were 1μ3. Photovoltaic devices were fabricated onto pre-patterned ITO glass substrates (20 ohms per square) that were supplied by Ossila Limited. The ITO/glass substrates were first cleaned by sonication in dilute NaOH followed by IPA. A 30 nm thick PEDOTμPSS layer was spin-coated onto the ITO/glass substrates. These were then transferred to a hot-plate held at 120 °C for 10 minutes before being transferred to a nitrogen glove-box. All active layers were spin cast onto the glass/ITO/PEDOTμPSS substrate. The devices were then transferred into a thermal evaporator for deposition of a cathode (5 nm of calcium followed by a 100 nm of aluminium evaporated at a base pressure of 10 −7 mbar). The cathode was deposited through a shadow-mask producing a series of independent pixels. Devices were encapsulated using a glass slide and epoxy glue before testing. PCEs were determined using a Newport λ2251A-1000 AM 1.5 solar simulator.
An NREL calibrated silicon cell was used to calibrate the power output to 100 mW cm under an inert argon atmosphere. Anhydrous toluene (10 mL) was added, the system was degassed and placed under an inert argon atmosphere. The reaction was heated to 100°C and left to stir for 48 hours. Upon completion, the reaction was allowed to cool to room temperature. 2-(Tributylstannyl)thiophene (11.7 L, 0.037 mmol) was added, the system was degassed and the solution refluxed for 1 hour. Upon completion, the reaction was cooled to room temperature and 2-bromothiophene (45.1 mg, 0.28 mmol) was added. The reaction vessel was degassed again and the solution refluxed for a further 1 hour. Upon completion, the reaction was cooled to room temperature. Chloroform (250 mL) was then added to the reaction mixture followed by addition of an ammonium hydroxide solution (28% in H 2 O, 40 mL) and the mixture was stirred at 60°C for 3 hour. The mixture was cooled and the organic phase was separated and washed with water 
